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Conventions / Protocols governing Climate Change

1992  United Nations Framework 
Convention on Climate Change

adopted in 1992 and entered into force in 1994

(188 ratification – 28 Jan 2003)

1997 Kyoto Protocol 
ratified 2004, in force 16 Feb 2005
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Greenhouse Gases included in the Kyoto Protocol
Annex A 

Greenhouse gases
Carbon dioxide (CO2)

Methane (CH4)

Nitrous oxide (N2O)
Hydrofluorocarbons (HFCs)

Perfluorocarbons (PFCs)

Sulphur hexafluoride (SF6)

Sectors/source categories
Energy, Fuel combustion, Energy industries, Manufacturing 

industries and construction, Transport, Other sectors, 
Fugitive emissions from fuels, Solid fuels, Oil and natural gas,

Mineral products, Chemical industry, Metal production,

Production of halocarbons and sulphur hexafluoride

Consumption of halocarbons and sulphur hexafluoride
Agriculture, Enteric fermentation, Manure management

Rice cultivation, Agricultural soils, Prescribed burning of savannas

Field burning of agricultural residues, Waste, Wastewater handling, Other 3



Radiative Forcing 1750 →→→→ 2000
from IPCC TAR 2001, the recent 2007 AR4 is similar 

from IPCC 2001

+HFCs

4



from IPCC 2001

Radiative Forcing 1750 →→→→ 2000
Kyoto Greenhouses are only a part of climate forcing

+HFCs
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Radiative Forcing 1750 →→→→ 2100 (scenario A2)
CO2 dominates, but non-Kyoto still important

from IPCC 2001

=HFCs + CFCs
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Kyoto gas Global Annex-Ir EU-15 USA CA

FF CO
2

22811 11447 3308 5423 337

LUCF CO2 +7891 -1314 -233 -915 -21

CH
4

5866 1378 400 629 31

N
2
O 3254 970 367 420 30

PFCs 92 44 9 15 2.3

HFCs 155 123 40 69 8.6

SF
6

62 50 12 28 2.5

Kyoto Greenhouse Gas Emissions
1990-2002,  million metric tons CO2-equivalent*

* Using 1996 IPCC SAR 100-yr GWP.



The Framework Convention is a bit broader 
in recognizing what forces climate change

UN FCCC  ARTICLE 1
“Source” means any process or activity which releases a 

greenhouse gas, an aerosol or a precursor of a 
greenhouse gas into the atmosphere.

UN FCCC  ARTICLE 3.3
... policies and measures should ... cover all relevant sources, 

sinks and reservoirs of greenhouse gases …
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CFCs & HCFCs (Ozone Depleting Substances, under 
the Montreal  Protocol)

Tropospheric Ozone Precursors (NOx, CO, VOC, CH4*)

Black (Elemental) Carbon Aerosols

Organic Carbon Aerosols

Sulfate & Nitrate Aerosols

Dust (land-use change, agriculture, construction)

Greenhouse Gases and Aerosols not in Kyoto
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from IPCC 2001

Radiative Forcing 1750 →→→→ 2000
Non-Kyoto forcings are large !
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aerosols

CH4

How do criteria pollutants interact with greenhouse gases ?

OH HO2

NO

VOC
CO

HFC

O3

CH4

CO, VOC, NOX (=NO+NO2), aerosols & CH4 control 
Tropospheric Chemistry (OH, HO 2)

which is the sink for CH4 & HFCs; the source for O3
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CH4OHCO O3

3D CTM: add CO 
- tropical bio-burn
- NH industrial

long-term
CH4 increase

short-term
O3 increase

CO becomes an indirect greenhouse gas
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CO indirect, 2001
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2007CO indirect GWP
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CO and VOCs are easier:
both indirect impacts (CH4 and O3) are same sign

+ +
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CH4OHH2 O3

3D CTM: add CO 
- tropical bio-burn
- NH industrial

H2 is likewise an indirect greenhouse gas (Prather, 2003)

H2H2
H2 GWP ~ 6 - 9
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CH4OH

NOX
O3

O3

NOx identified as an indirect greenhouse gas

NOx proposed as indirect greenhouse gas 
(Shine, Derwent, et al, 1st IPCC Assessment Report)

Rejected as too far ahead of its time 
(1992 IPCC Interim Report)

Post SAR, explicit in 1999 IPCC Aviation Assessment, 
NOx is indirect greenhouse gas.
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CH4OH

NOX
O3

O3

regional

global

(Wild, Prather, Akimoto, 2001)
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short-term O3 increase
regional heating

long-term CH4 decrease
global cooling
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NOx is harder:
indirect impacts (CH4 and O3) have opposite sign
depend greatly on location & season

+–
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Aerosols are even more difficult:

IPCC does not give GWPs for aerosols!

Even more time-space variable than NOx.

Black Carbon (BC) is never emitted alone, and is 
accompanied by organic carbon & “other” stuff.

Aerosols from fossil fuel and biomass burning 
(BC + OC) have both heating & cooling
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Radiative Forcing 1750 →→→→ 2000 

from IPCC 2001
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BC aerosol is even more difficult:

It is not clear that published GWPs for BC aerosols 
truly represent the full consequence of PM control.

Recent individual publications tend to represent
scientific advocacy/viewpoints, not yet assessed
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ODS emissions may be simpler:

Although phased-out, CFCs & other ODS continue to be emitted.

Chemical Use

CFC-11 Pre-1994 central A/C, refrigerators

CFC-12 A/C in pre-1994 motor vehicles

Halons Pre-1994 fire suppression systems

HCFC-141b Pre-2003 insulation foam in buildings and appliances

HCFC-22 Pre-2010 window units, central A/C, commercial refrig.

HCFC-142b Pre-2010 foam insulation

HCFC-225 Pre-2015 solvents

HCFC-123 Pre-2015 central A/C and fire suppression equipment
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ODS emissions continue to
drive radiative forcing

worldwide banks: 

25



ODS emissions may be simpler:

California CFCs are emitted from existing banks,
such as insulating foams.

CFCs have been and remain a major component
of greenhouse gas forcing.
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Climate Forcer
100-year Global 

Warming Potentiala
MMTb

(2005)
MMTCO2E

2005-2020
Changec

CO 1.0 – 3.0 4.56 5 – 15 -36%

VOC=ROG 1.1 – 6.2 0.81 1 – 5 -18%

NOX Zero to 20 1.07 0 – 20?? -32%

Diesel PM 500 – 1,200?? 0.029
15 to 35 minus 
indirect RF??

-85%d

Other PM unknown -- likely negative --

CFC, HCFC 100 – 10,000 0.014 ~40 -50%e

Non-Kyoto Climate Forcers in California
Preliminary Calculations

a Fossil fuel soot GWP range from Hansen et al. (2007) and Jacobson (2005), all others from IPCC
b CFC and HCFC estimate from USEPA Vintaging model, all others from CARB emission inventory
c CO2 etc.: AB 32 target.  CO, ROG, NOX: CARB emission inventory for rules already adopted.
d Diesel PM: 2000 to 2020 Diesel Risk Reduction Plan target.
e The reduction is based on phase out schedule of the CFCs/HCFCs and does not consider ongoing 
or planned reduction measures.



Climate Forcer MMTCO2E
2005-2020
Change a

Kyoto (CO2, CH4, N2O, HFC, 
PFC, SF6)

~500 -15%

Ozone (CO, VOC, NOX) zero to 40 -30%

Diesel PM
~25 minus indirect 

cloud effects ??
-85% b

Other PM negative --

Montreal (CFC, HCFC) ~40 -50% c

Conclusions:  How much can California do with 

non-Kyoto greenhouse gases and aerosols ?
Preliminary Calculations

a CO2 etc.: AB 32 target.  CO, ROG, NOX: CARB emission inventory for rules already adopted.
b Diesel PM: 2000 to 2020 Diesel Risk Reduction Plan target.
c The reduction is based on phase out schedule of the CFCs/HCFCs and does not consider 
ongoing or planned reduction measures.


